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Abstract 
Electrostatic charges generated during powder handling often adversely influence process performance. In cases where 
significant charges are present, accidental discharge of the accumulated charges may cause sparks, fires, even explosions, 
affecting process performance and causing significant safety concerns. Electrostatic charging is a complicated phenomenon, 
especially when handling powder mixtures of poly-disperse particles because of bi-polar charging, with small particles being 
charged opposite to their larger counterparts. Bipolar charging can lead to agglomeration, segregation and severe adhesion to 
walls or contact surfaces. Therefore, in order to characterize electrostatic properties of powders, it is desirable to measure not 
only the net charges on a powder, but also its polarity. In this work, a simple method is developed to investigate charge 
generation due to particle-particle collisions and particle-wall contact during powder handling. The experimental set-up consisted 
of two parallel copper plates connected to a high voltage power supply and a vibrating charging device with adjustable contacting 
surfaces. When subjected to a static electrical field, negatively charged particles moved to the positive side of the parallel plates, 
whereas positively charged particles migrated to the negative side. The separation of charged particles under investigation 
indicated bi-polar charging in a polydisperse powder system, with smaller particles carrying charges of polarity opposite to their 
larger counterparts. However, smaller particles were also found to carry two different charges from a set of fine particle-only 
experiments in binary powder mixtures. This was due to two different charging mechanisms: charge transfer and charge 
separation. In a further study with the addition of fine particles to mono-sized powders, the results indicated that the addition of 
fine particles helped reduce the net charges of the mixtures, with fine particles tending to carry positive charges after powder 
separation. When a typical antistatic agent (Larostat 519) was added to the mono-sized powders, the net charges of the mixtures 
decreased. Particle separation experiments revealed that this antistatic agent considerably altered the charging behavior of the 
host powders. This finding implies that the role of Larostat 519 in neutralizing charges differs from that of simple addition of 
other fine particles.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In powder-handling operation, electrostatic charges are always present due to frequent particle-particle contacting 
and particle-wall collisions. In general, electrostatic charges adversely influence process performance. For instance, 
the charged particles in pneumatic transport lines or in fluidized beds experience electrostatics forces, and tend to 
adhere to the walls [1]. If the particles are excessively charged, electrostatic discharge may occur, posing a risk of 
fire and explosions [2]. The mechanism of electrostatic charge generation is complex. Electrons or ions can transfer 
between bodies in contact, forming an electrical double layer consisting of two layers of charges of opposite signs. If 
the bodies are suddenly pulled apart, the original electronic equilibrium cannot be re-established, and one of the 
surfaces retains more electrons or ions than before the contact, while the other acquires less. The net charge remains 
constant. However, if one surface loses its charge (e.g. because it is a better conductor or is earthed), the global 
result is a net change in electrical charges [3]. Interestingly, bipolar charging is also found between particles of the 
same material but different sizes, with larger particles gaining charges of polarity opposite to the smaller particles 
[4~10]. Most often, the smaller particles tend to charge negatively and larger particles positively. However, some 
controversial findings have been reported in the literature [4,11].  
 
In order to mitigate electrical charge built-up in powder handling systems, one practical way is to add antistatic 
agents. Addition of fine particles is said to increase the rate of charge dissipation by increasing the contact area of 
the particles. Wolny and Opalink[12] found that by adding fine particles to a fluidized bed of dielectric particles, the 
dissipation rate of electrostatics increased. Furthermore, they found that the ability of particles to dissipate charge 
build-up is not related to their electrical conductivity. Recently, Wu and Bi [13] reported that CNT shows superior 
charge dissipation when added to coarse particles, even in some cases outperforming Larostat 519, a commercial 
antistatic agent. This is attributed to its high conductivity and ultra fine particle sizes. It has been speculated that two 
possible mechanisms are involved in reducing charge generation when adding fine particles. One possible 
mechanism is the surface “ lubrication” of coarse particles by the coating of fine additives. Another is increased 
charge dissipation by high conductivity of added fine particles. In regard to how Larostat 519 helps to reduce charge 
generation, both mechanisms are deemed to be possible. In addition, Larostat 519 is said to be capable of adsorbing 
moisture, thereby enhancing the surface conductivity of the particles. In contrast, fine conductive alumina powders 
promote charge generation, rather than charge dissipation [13]. Therefore, it can be seen that adding fine powders to 
coarse particles does help in reducing charge generation. However, some controversy exists pertaining to underlying 
mechanisms in reducing charge build-up. In the present study, our objectives were to establish a sound experimental 
approach to measure bi-polar charging in powder mixtures, to gain better understanding of the polarity of fine 
particles in binary mixtures, and to advance understanding of how fine particles influence charge generation and 
dissipation in powder handling processes. 
 
Nomenclature 
CNT Carbon nanotube 
FC Final charges, PC  
GB Glass beads 
IC Initial charges, PC 
m Mass, kg 
PE Polyethylene 
q Charges, PC 
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2. Experimental 
A static electrical field was established by two parallel copper plates, connected to a high voltage power supply 
(Matsusada Precision Inc., Japan) as shown in Fig.1. A vibratory feeder with a steel tray (Eriez 15A, Eriez, USA) 
was utilized to test charging behavior of powder mixtures. Rubber discs on the inside of the vibratory attachment 
separate the tray from the vibratory base, at their point of contact, to minimize electrical discharges of the vibratory 
tray through the base. A Faraday cup, which consists of two brass cylinders isolated from each other by a Teflon 
spacer, was used. The inner cup was connected to an electrometer (Keithley Model 6514, Cleveland, OH), whereas 
the outer cup was grounded. Powders used in this work are listed in Table 1. 
 
Draft vacuum
High voltage power
supply
Flow splitter
Vibratory feeder
Filter
Copper plate
Flow straightener
 
Fig. 1. Powder Charging and Separation Unit 
Table 1: Coarse and fine particles used in the experiments and their properties 
 Polyethylene Glass Beads-GB500 Glass Beads-GB60 Larostat 519 
Particle density, kg/m3 797 2500 2500 520 
Particle diameter, Pm 38-876 424-650 45-90 6-20 
Particle Sphericity ~0.77 ~0.9 ~0.9 ~0.7-0.9 
 
GB500 and GB60 denote glass beads with average particle sizes of ~500 μm and ~60 μm, respectively.   
 
In order to set the same baseline for each experiment, a nozzle-type ionizer was used to neutralize the initial 
charges carried by the powder samples. In every experiment, the initial charge of the powder mixtures was 
maintained at neutral conditions by exposing powders to the ionizer for about 5 minutes.  The charge-to-mass ratio 
was calculated as: 
            (1) 
 
where q is the static charge, in PC, and m is the mass of samples collected, in kg. 
mq /ratiomass-to-charge  
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3. Results and discussion 
3.1. Charge separation from poly-dispersed polymer powders 
In the experiments, polyethylene powders were tested to examine the relationship between the charge-to-mass 
ratio and particle size distributions. The results are shown in Fig. 2.  It is clearly indicated that bi-polar charging 
occurs at the negative plate side, and the overall charges of polymer powders collected are positive, with the 
opposite charges observed in the positive plate side. Because the feeding position was set close to the positive plate 
side, only those particles carrying positive charges can be collected at the negative side when subjected to a static 
electrical field. As a result, a majority of the polymer mixture (about 90%) is collected at the positive side as shown 
in Fig. 2(a). With an increase in the electrical field strength, there appears to be no influence on the overall charges 
obtained, indicating that collision with the two plates is very much avoided in the experiments.  
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(b) 
Fig. 2. Separation of charged polymer particles subject to a static electrical field (d=80 mm and the feeding position 3cm right of center): 
a.) Mass fraction; b.) charge-to-mass ratio 
The particle sizes and particle size distributions of polymer powders on the two sides were analyzed by 
mechanical sieving with standard sieves. In general, the samples collected on each side were separated into three 
fractions: particles larger than 500 μm, particles between 500 and 300 μm, and particles smaller than 300 μm. The 
effect of electrical field strength on particle size distributions is illustrated in Fig. 3. 
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Fig. 3. Effect of electrical field strength on particle sizes and 
particle size distributions 
(d=80 mm and the feeding position is 3 cm right to the center) 
-3 -2 -1 0 1 2 3
0.0
0.2
0.4
0.6
0.8
1.0
M
as
s 
fra
ct
io
n
Feeding position, cm
 Positive side
 Negative side
-25
-20
-15
-10
-5
0
5
10
15
20
 
Ch
ar
ge
-to
-m
as
s 
ra
tio
, 
PC
/k
g
 Positive side
 Negative side
 
Fig. 4: Effect of feeding position on separation of charged particles 
(Parallel plate distance, 80 mm; Electrical field strength, 1 kV/cm) 
 
In Fig. 3, it is shown that the portion of coarse particles increases with increasing electrical field strength since a 
stronger electrical force deflects larger negatively charged particles to a further distance from the positive plate. At 
an electrical field strength of 0.5 kV/cm, about 15% of the particles collected at the negative plate were larger than 
500 microns, and this proportion increases to above 50% at 3 kV/cm as indicated in Fig. 3. In addition, the mass-
average positive charges also indicate that the coarse particles carry less positive charges, which is also evidenced 
by a decrease in the charge-to-mass ratio in Fig. 2b. When PE particles come into contact with the steel tray, they 
are expected to carry negative charges [3].  In contrast, the positive charges acquired by coarse particles are 
considered [5,8] to be solely from collision with small particles. Taking advantages of the combined effect of drag 
and gravitational forces on particles of different sizes, coarse and fine particles can be separated irrespective of 
charge polarities they may carry. Therefore, the feeding position plays an important role in mass fractions and 
charge-to-mass ratios of powders collected at two sides of the electrical field. The impact of feeding position on 
mass collection and particle size distributions is shown in Fig. 5. 
 
When the feeding position moved close to the negative plate (denoted as -3 cm in Fig.4), the positive side 
collected the particles with the highest magnitude of charge-to-mass ratio (~ -22 μC/kg), and the mass fraction of 
smaller particles (< 300 μm) became less, indicating that smaller particles tend to carry more negative charges, 
compared to their larger counterparts. When the feeding position was close to the positive plate, most particles (~ 
90%) were collected at the positive side, as shown in Fig. 4. The charge density of the negative side approached the 
highest positive charge density (~ +20 μC/kg), and the highest mass fraction, 25% of smaller particles (< 300 μm) 
was attained, compared to its mass fraction of ~ 5%  in the original polymer mixtures. 
  
The results suggest that smaller particles also carry positive charges. Since a steel tray was employed in the 
experiments, two main tribocharging mechanisms were involved, charge transfer and charge separation. When PE 
particles contact the steel tray, charge transfer can occur between the steel tray and smaller particles, followed by 
charge separation [11]. In contrast, charge separation mainly occurs between coarse particles and the steel tray, with 
coarse particles negatively charged and the steel tray positively charged because of different work functions. When 
particles collide with other particles of the same material, the smaller particles tend to carry negative charges as 
surface energy increases with decreasing particle diameter, indicating that it is more unlikely to lose electrons. 
However, the overall net charges of the powder mixture will not be influenced by inter-particle collisions from 
charge balance point of view. Therefore, the charge-to-mass ratio of the polymer powders is determined only by 
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charge transfer and charge separation between particles and the contact surface, e.g., the steel tray in the present 
work. In a recent study [8], granular materials were only collected from the localized fluidized region near the bed 
center to avoid contact with wall surfaces. However, the net charges of samples collected by the above method still 
depend on their contact with surrounding stagnant particles of the same material. In a similar way, the tray surface 
was coated with a thin layer of polymer powders.  The charge-to-mass ratio and mass fractions collected at both 
sides are shown in Fig. 6.  
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Fig. 5. Particle size distributions of polymer samples at two sides 
(d=80 mm and 1 kV/cm) 
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Fig. 6. Charge-to-mass ratio from the modified feeder surface  
(Parallel plate distance, 80 mm; Electrical field strength, 1 kV/cm) 
 
It can be seen in this figure that the overall charge density of polymer powders changes from ~ - 3 μC/kg to ~ -1 
μC/kg, compared to the bare steel tray. Again, bipolar charging was observed, with one portion of particles being 
positively charged and collected at the negative side and the rest collected on the positive side being negatively 
charged, as shown in Fig.6. Particle size distributions of samples collected at both sides are found similar to that for 
the bare steel tray. Smaller particles tend to carry more negative charges compared to their larger counterparts. 
 
It was clearly demonstrated that in a powder mixture with a polydisperse particle size distribution, bipolar 
charging occurred in the current set-up, in line with previous studies [4~11,14]. However, the broad particle size 
distributions of the polymer mixture used in this study prevented us from further elucidating the fundamentals of 
electrostatic phenomena, such as roles of fine particles in a binary mixture. As stated earlier, there have been a few 
studies reporting that the addition of fine particles helps to reduce charge build-up. However, underlying 
mechanisms have been argued over, with little agreement. With the capability of separating charged particles in the 
present setup, an attempt was made to delineate charging mechanisms in a binary mixture with the same or different 
components. 
3.2. Charges generated in a binary mixture 
In this section, the fine powders used are glass beads with particle sizes from 45 Pm to 90 Pm.  
3.2.1 PE powders (> 500 Pm) + fine particles 
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(c) 
Fig. 7: Comparison of separation tests in binary mixtures (d=8 cm and feeding position 3 cm left to the center): (a) 
pure PE powders > 500 Pm; (b) PE powders (> 500 Pm)+ 0.1% Larostat 519; (c) mass fraction of powders  
 
In the pure PE powder system shown in Fig. 7(a), all PE coarse particles carry the same polarity, negative 
charges, due to the difference in work functions between PE powders and the steel tray. Bi-polar charging was 
observed when an electrical field was applied. On the negative plate side, PE powders carried positive charges, with 
charge-to- mass ratio not significantly influenced by the strength of the electrical field. However, on the positive 
side, the negative charges of powders collected decreased with increasing electrical field strength because less 
negatively charged powders were displaced horizontally towards the positive side. The net charges of powders 
slightly increased with increasing electrical field.  In contrast, in the case of coarse PE particles with 0.1% Larostat 
519 as shown in Fig. 7(b), the powders appear to have been more negatively charged since both sides were found to 
carry negative charges. The charging behavior of the binary mixture differed noticeably from a pure PE system. In 
the absence of the electrical field, the charge-to-mass ratio of the whole mixture was almost neutral due to addition 
of the antistatic agent, compared to about -0.3 PC/kg for a pure PE system in Fig.7(a). With the profound effect of 
the electrical field on the charged powder, the mass collected on both side differed significantly, as shown in Fig. 
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7(c). In a pure PE system, 90% of the total powders collected on the negative side only changed to about 80% when 
an electrical field of 2 kV/cm was applied. However, there was a distinct change from 95% to 15% in the binary 
mixture with added Larostat 519.  This change was due to modified surfaces of the PE powders by coating a thin 
film of Larostat 519, showing a profound impact on the charging behavior. When the electrical strength increased to 
2kV/cm, most particles migrated to the positive side, indicating that most of the particles were negatively charged. 
The overall charges became more negative in the presence of electrical field strength, presumably due to an 
undetectable amount of positively charged fine particles being captured by the negative plate. In the experiments, a 
thin layer of dust was found on the surface of the negative plate, but the amount was not measurable. 
3.3. GB 500 + fine particles 
As the polymer particles were not completely spherical, glass beads (lime soda) were also tested with and without 
addition of fine particles. The results are shown in Fig. 8.  In all cases of glass beads as shown in Fig. 8, the effect of 
the electrical field strength on separation was similar. With an increase in the electrical field strength, the overall 
charges of GBs became more negative. This also occurred in the case of pure GBs likely due to unnoticeable amount 
of fines in the system. In the case of GBs with 1% GB60, a trend similar to that for the pure GBs system was 
observed. However, there was a significant difference in the mass fraction collected at both sides when Larostat 519 
was added. Again, it appears that the presence of Larostat 519 influenced the charging behaviour in a different way 
even though both types of fine particles reduced the charge build-up, as shown in Fig.8. The current study shows 
that charging behaviour is significantly altered when Larostat 519 is added. Surface properties of coarse particles are 
very likely modified after being coated with Larostat 519. On the one hand, the formed layer of Larostat 519 
enhances the conductivity. On the other hand, when Larostat 519 absorbs moisture, charging behaviour is 
considerably changed. To the best of our knowledge, no similar finding has been reported.  
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Fig. 8: Separation of charged GBs (d=8 cm and feeding position 3 cm left to the center): (a) only GB500; (b) GB500+1%GB60; (c) GB500+0.1% 
Larostat 519; (d) mass  fraction of powders collected at both sides 
3.4. Fines collection 
In order to understand effects of fine particles added to coarse particles, experiments were designed to collect 
pure fine particles at one side and to measure the polarity and the charge-to-mass ratio. The distance of the parallel 
plates was increased from 8 cm to 12 cm with the same electrical field strength (1kV/cm) for purposes of fine 
particle collection. The total amount of fine particles was 20 g, mixed with coarse particles (500 g GB500). Two 
feed positions were examined (5cm deviations from the center toward both positive plate and negative plate). Pure 
fines collected at the two feed positions are 2.6g and 3.89 g, respectively. 
 
 It is found that pure fine particles collected carry both positive and negative charges. The final overall charges of 
the binary mixtures in the two cases carry the same polarity with the similar magnitude of charge level (~ -1 μC/kg).  
If the positive charges carried by fine particles are solely due to charge transfer from the steel tray, the charge-to-
mass ratio would be around +25 PC/kg, but the measured value is slightly lower (about +20 PC/kg). In contrast, if 
negative charges carried by fine particles are only from charge separation after a contact with their large 
counterparts, its contribution to the overall charges is only about 15%, assuming the whole 20 g fines carry negative 
charges. From the discussion, the two mechanisms appear to co-exist and fine particles play a complex role in the 
tribocharging. On the one hand, it helps in reducing charge build-up by either the “lubrication” effect or dissipating 
charges carried by large particles. On the other hand, bi-polar charging also appears after a contact with large 
particles. In general, the fine particles are found to have higher charge densities, potentially posing more static 
hazards compared to large particles. Therefore, the current experimental method is also suitable for evaluating 
charging levels of dusts or fines involved in various powder handling processes. 
4. Conclusion and Outlook 
A new experimental methodology was developed to measure bi-polar charging of polydispersed powder mixtures. 
Smaller particles tend to carry negative charges when contacting coarse counterparts of the same material. However, 
they carry positive charges from charge transfer from the conductive contact walls. The current experiments showed 
that addition of Larostat 519 reduces charge build-up as expected.  While antistatic agents are well known to cause 
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charges to be neutralized, what is new here is that they are shown also to reduce charging in the first place. However, 
the charging behavior of powders was also altered considerably. It is likely that this charging behavior change is due 
to modified surface properties after Larostat 519 adsorbs moisture. But efforts are still required to develop a more 
plausible underlying understanding. The current work also demonstrates that fine particles play diversified roles in 
tribocharging processes.  
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